Several experiments at the electron-proton (ep) collider HERA have collected high precision data on the spectrum of leading-proton and leading-neutron carrying a large fraction of the proton's energy. In this paper, we have analyzed recent experimental data on the production of leadingnucleon in deep inelastic scattering (DIS) processes at HERA in the framework of a perturbative QCD (pQCD). An approach based on the fractures functions framework has been used, and the nucleon fracture functions (nucleon FFs) M (n/p) 2 (x, Q 2 , x L ) have been extracted from global QCD analysis of DIS data measured by ZEUS collaboration at HERA. We show that the approach of fracture functions formalisem allows us phenomenologically parametrize the nucleon FFs at the input scale, Q 2 0 . Considering leading-nucleon production data in the DIS processes, we present the results for the separate parton distributions for all parton species. The extracted results from the t-integrated leading-baryon fracture functions, F LB(3) 2 (x, Q 2 , x L ) are in good agreement with all DIS data analyzed, for a wide range of longitudinal momentum fraction x L as well as scaled fractional momentum variable x.
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Introduction
In recent years, due to considerable attention toward semi-inclusive cross sections to the leading-baryon productions at HERA, different phenomenological groups try to propose standard parametric form for the parton densities of the incoming hadrons to describe the leading-baryon production processes. Leading-baryons carry a sizable fraction of the incoming hadron energy and they are produced at small polar angle with respect to the collision axis, (θ B = 0.8 mrad), in the target fragmentation region. In our recent analysis [1] , we have used leading-neutron production data measured by the H1 [2] and ZEUS [3] collaborations to study the fracture functions formalism which allows us to phenomenologically parametrize the neutron FFs at the input scale, Q 2 0 . We have studied the determination of singlet and gluon distributions of neutron FFs, with no assumption on the separation between quark and anti-quark FFs. However, In the present analysis, in order to consider fracture functions formalism more precisely, we study the asymmetry of quark and antiquark by using ZEUS collaboration data on leading-neutron and leading-proton production [3, 4, 5] .
Fracture Functions
In order to describe those hadrons produced in the target fragmentation region [6, 7] , new distribution functions should be introduced. This new quantity is an un-calculable, but measurable and universal functions, the so-called Fracture Functions ( [6, 7] . This functions represent the conditional probability of finding a parton i (with momentum fraction x of incoming hadron), while a hadron h with momentum fraction z is detected. The scale dependence of fracture functions at O(α s ) in fixed value of z obey standard DGLAP evolutions equations [8] :
where f j/p is the parton distribution of flavor j, D h/l is the fragmentation function of hadron h from a parton l, P i j (u) and P (i,l) j are the regularized [9] and real [10] Altarelli-Parisi (AP) splitting functions, respectively.
Forward baryons productions at HERA
As we mentioned in the Introduction, ZEUS Collaboration has measured DIS events in which neutron and proton are produced in the forward region [3, 4, 5] . In addition to kinematical variables used to described DIS processes (Q 2 = −q 2 , x = Q 2 2p.q and y = p.q p.k ), two more kinematical variables also needed to describe the final state nucleon. These are the longitudinal momentum fraction x L and the squared four-momentum transfer t between the incident proton and the final state nucleon, which are given by
where m p is the proton mass, p B is the four-momentum of the final state baryons, m B is the nucleon mass, and E B and p T are the nucleon energy and transverse momentum, respectively. The four-fold differential cross section for leading-Baryon production, which can be written as semiinclusive structure function, F LB(4) 2 , is given by:
where
is leading-baryon transverse structure functions.
Leading-nucleon structure functions
The leading-nucleon transverse structure functions can be written in terms of "fracture functions" and hard-scattering coefficient functions [1, 11, 12] as,
The index i runs on the flavour of the interacting parton and the Wilson coefficient functions, C q and C g , are the same as in fully inclusive DIS [13] . By integrating over d p 2
T up to p max T , gives
The resulting p T -integrated leading-nucleon fracture function
obeys the well-known DGLAP evolution equations
Hypothesis of limiting fragmentation
The "hypothesis of limiting fragmentation" [14, 15] , implies that final state baryons is not depend to the x and Q 2 and it also states that target fragmentation is independent of the incident projectile's energy. Therefore, using this hypothesis we can write the leading-nucleon transverse structure functions as:
This hypothesis has been tested by H1 Collaboration for leading-proton and leading-neutron data [16] and it is also used to extract pion structure function from leading neutron electroproduction [17] .
Parameterization of nucleon FFs
Note that our goal is to present nucleon FFs from QCD analysis of leading-baryon production in the semi-inclusive DIS reaction ep → eBX at HERA. We choose the standard functional form for the nucleon FFs at the input scale
where x f ≡ xu v , xd v , x∆, xs = xs, x(d +ū) and xg are the GJR08 parton distributions functions (PDFs) [18] . The weight functions
} are the free parameters to be fitted. Experimental data sets that are used in our global analysis are shown in Table 1 . The number of data points, and fitted normalization shifts N n obtained in the fit are also presented as well. Table 1 : List of all the leading-neutron and leading-proton productions data points used in our global analysis. The number of data points, and fitted normalization shifts N n obtained in the fit are also presented as well.
Experiment
Observable 
Total data points 694
Using QCDNUM17 package [19] , the distribution functions in Eq. 6.1 are evolved within a Zero-Mass Variable Flavour Number Scheme (ZM-VFNS) at next-to-leading order (NLO). The minimization has been done using the CERN MINUIT package [20] . In our analysis, we minimized the χ 2 global ({ξ i }) function with the free unknown parameters. This function is given by [1, 11, 21] 
where w n is a weight factor for the n th experiment and
where n exp is correspond to the individual experimental data sets, and N data n corresponds to the number of data points in each data set. The uncertainties of nucleon FFs as well as the leadingnucleon structure functions have been obtained using the Hessian method [21, 22, 23, 24, 25, 26, 27, 28, 29] .
Results
Parameter values {ξ i } for our QCD analysis at the input scale Q 2 0 = 2 GeV 2 obtained from QCD fit and nucleon FFs xM i (x, x L , Q 2 ) for all parton species resulting from our QCD analysis are presented in Ref. [11] . In Figs. 1 and 2 , we compare our theory predictions with the analyzed leading-nucleon datasets, consistent results are found. 
and their uncertainties at 68% C.L. in comparison with the ZEUS-06 data [4] . 
Summary
In recent years, several experiments at the electron-proton collider HERA have collected highprecision data on the spectrum of leading-nucleon carrying a large fraction of the proton's energy. In addition to the experimental efforts, much successful phenomenology has been developed in order to understand the mechanism of leading-nucleon productions. We have presented our NLO QCD analysis of nucleon FFs using available data on the forward nucleon production at HERA. It is shown that our approach based on the fracture functions formalism allows us to phenomenologically parametrize the nucleon FFs at a given input scale, Q 2 0 .
